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Key ideas

Conceptual Framework
 Basic unit of analysis is individual scientists/tems

« Core outcome is creation, transmission and adoption of
ideas

- Potential analytical framework is theory of the firm
Empirical Framework

* Leverage existing data and tools, particularly STAR
METRICS and SciENCV

 Build analytical community (e.g. SciSIP)
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Motivation

* Congressional and Administration interest
INn building a scientific basis for science
policy
= Science of Science Policy Interagency

Group

= NSF SciSIP program
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Agencies should demonstrate the use of
evidence throughout their Fiscal Year (FY)
2014 budget submissions. Budget submissions
also should include a separate section on
agencies' most innovative uses of evidence and

evaluation, addressing some or all of the issues
below....
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The Office of Science and Technology Policy
has created a "community of practice" for
agency personnel involved in designing and
managing incentive prizes and has organized
a Science of Science Policy working group
that is developing tools aimed at establishing
a more scientific, empirical evidence basis for
= AJRence and technology policymaking.
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Motivation

Competing Priorities in the Federal Budget...




Motivation:
Buttressing Anecdotes
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Classic Questions for
Measuring Impact

What Is the impact or causal effect of
a program on outcome of interest?

Is a given program effective
compared to the absence of the
program?

When a program can be

Implemented In several ways, which
one Is the most effective?
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lllustration of swan-necked flask experiment used by Louis Pasteur to test the
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Classic Challenge: Identifying
Counterfactual

“A key goal of an impact evaluation is to identify
a group of program participants (the treatment
group) and a group of nonparticipants (the
comparison group) that are statistically identical
In the absence of the program.” World Bank

Source: Authors



Classic Challenge: Theory of
Change
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FINAL
INPUTS ) ACTIVITIES OUTPUTS oUTCOM ES OUTCOMES
Budgets, Series of Goods and services  Not fully under Changes in
staffing, activities produced and the control of outcomes
other available undertaken delivered, under implementing with multiple
resources. to produce the control of the agency. drivers.
goods and implementing
services. agency.
( Implementation (SUPPLY SIDE) ) [ Results (DEMAND+SUPPLY) |

Source: Authors, drawing from multiple sources.
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Key Concept: Individual Is
basic unit of analysis

Institutions Grants

awarded to

support

employ pay for
‘E People W Products
co-author us€
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Source: lan Foster, University of Chicago



Core outcome Is 1deas

- Goal of project/firm: to create and transmit scientific ideas and
push for their adoption (by other scientists, policy-makers or
businesses)

- Behavioral Framework; Ideas are transmitted by workers in a
variety of potentially measurable ways, including publications,
presentations, blogs, internal project workspaces, and emails

- Behavioral Framework: Social networks/collaboration are a major
vehicle whereby ideas are transmitted

W AIR
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Possible theory of Change:
Theory of the firm

Repurposing the theory of the firm
Y=Xp+¢
X=Z¢p+w

Y — transmission of ideas
X - networks/collaborations
Z — level of funding

QDMB_

g, w_- error terms

AIR



Outline

» Motivation

Approach

Conceptual Framework
Empirical Framework
Analytical Framework
Next steps
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Challenge: The data didn’t exist

The ITG undertook a literature review to determine the state of the science to date. A questionnaire was also
circulated to Federal agencies to ascertain what methods are currently in use for programmatic investment

decision making, as well as to ask what tools and resources are needed by Federal agencies that are currently
unavailable. The ITG found that:

* Thereis a well developed body of social science knowledge that could be readily applied to the
study of science and innovation.

* Although many Federal agencies have their own communities of practice, the collection and

analysis of data about the science and scientific communities they support is heterogeneous and
unsystematic.

* Agencies are using very different models, data and tools to understand their investments in science
and technology.

ta infrastructure is inadequate for decision-making.

THE SCIENCE OF ScieEnNcE PoLicy: A FEDErRAL REsEaARCH RoADMAP

THE SCIENCE OF SCIENCE PoLicy




Leverage Existing Data

Portfolio Explorer

@ STAR METRICS Port

Institutions

awarded to

employ pay for

Scientific Workforce

People

produce

RESEARCH
INSTITUTIONS

COLLABORATING
ISTITUTIONS



Leverage existing tools to

capture ideas

Topic Modeling Process

J
[

Documents
(proposals,

awards, etc.) |::> Topic Modeling

Algorithm (LDA)

Automatically Learned Topics

t6. conflict violence war international military ...

t7. model method data estimation variables ...

t8. parameter method point local estimates ...

9. optimization uncertainty optimal stochastic ...
110. surface surfaces interfaces interface ...

t11. speech sound acoustic recognition human ...
t12. museum public exhibit center informal outreach
113. particles particle colloidal granular material ...
t14. ocean marine scientist oceanography ...

t15. atmospheric chemistry ozone air organic ...

W AIR
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Topic tags for every
word in every
document

top-4:
t49
t18




1001S 1O Capture ievel Ol
funding

[X) Drowing a cortoon turkey Y, [v] Grmail - [Fuse] Site Visit Pre; xf s Star Metrics

- X | @ readidata.nitrd.gov/star/porifolio_viewer.php

* K KK K

STAR METRICS Portfolio Explorer v

« 1000 topics learned from
Viewing: Divisions: CHE Timing: 2000 - 2010 Show: Awarded (up to last Fiscal Year) 200 k S u b m itted N S F

Topics Filter

(include proposals for selected topics) I
Quick s¢ proposais

entries Search
care The below re
selected on d
Topic Propasals Funding Bl anatyze your
" Divisions;
[C1  Topic 299: reaction bond catalyst ligand chemistry product scheme 131 $53.00M i . .
complexe olefin activation catalytic alkens C_H reactivity carbene
organometallic species aryl alkyl phosphine . Ee—
| . X Funded
Topic 690 : reaction scheme synthesis cyclization yield synthetic OMe 116 $30.38M . -
product ring natural_product aldehyde alcohol cycloaddition Date first 0 rt 0 IO an a S I S
rearrangement MeO intramolecular ether ketone OAc reagent ... Dare last
[C]  Topic 495 : molecule vibrational dissociation rotational collision species 08 $38.84M Top Topic|
radical gas_phase product excitation excited molecular spectroscopy 2nd Topic]|

transition energy PES photodissociation reaction neutral atom ... 3rd Topic

[[]  Topic 763 : NMR spectrometer instrument MHz Bruker mhz_nmr chemistry 04 $31.20M Ton T H H
NMR_Spe Ctrom eter instrum entation probe Structure nmr_spectroscopy op Topig e aS u re re a I O n S I
acquisition organic sample Varian synthesis synthetic biochemistry 2nd Topic]|
high_field 3rd Topic

U between research

wansition_metal metal_center metal_complexe reactivity synthetic
bridging donor redox atom oxidation_state synthesis reduction bond

Investment and research

[C]  Topic 341 : reu_student REU_Site reu_program undergraduate participant 64 $13.45M
faculty_mentor graduate_school undergraduate_student summer_program

reu_participant ethic facilities poster recruitment evaluation survey M H
e outcomes (publications
]
[[]  Topic 254: supramolecular porphyrin molecular molecule guest structure 63 $22.40M
aromatic macrocycle chemistry synthetic synthesis interaction organic
ring unit solid_state hydrogen_bonding derivative solution substituent ...
[C] Topic 704: calculation bond molecule energies energy orbital theory DFT 57 §21.58M
electron atom electronic_structure basis_set molecular

computational_chemistry initio density_functional com putational
electronic structure keal_mol

[C]  Tepic 548 : vibrational water mode spectroscopy spectra proton SFG 55 1 iFi
Topic model unifies

|1, sitevisit.zip M| u(lmna,Demzun,mppn = ) res e arC h Cate g o rl eS aC rOSS
funding agencies and

document genre




Tools to capture level of
funding

[ ] NIH grant
B NSF grant

500
m IZ 100 200 _ 300
Topic D

Source: David Newman, UCI




Combine tools and data to capture
networks

Control Theory, Sensor
Networks, Optimization,
Seismology

Molecular Dynamics,
Numerical Methods,
Turbulence, Seismology

)
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Ocean Science, Plate
Tectonics, Seismology

5 . LIGO, Astrophysics, Dark
§ource: Jason Owen-Smith Matter, Simulation,

Quantum Information
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Broadcom:
networling and
ICs for data,
voles, and video
applications
Medtronic

Univ. of California
Belkin Int’l:
computer
connectivity
hardware

Second Sight:
retinal prosthesis
(cybernetic
eyeglasses)

Al

F  fun:
mi ice
rei
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Engage analytical
community

Patent Network Dataverse Lee Fleming Harvard

COMETS (Connecting Outcome Measures in
Entrepreneurship Technology and Science): Lynne

Zucker and Michael Darby UCLA

Randomized Controlled Trials John Willinsky,

Stanford

COMETS

Integrating the STARS with the universe to advance entrepreneurship and innovation
i iianlindi ek il i i " =

» Home

Connecting Outcome Measures in Announcements
Entrepreneurship, Technology, anc
Science (COMETS)

» About COMETS
» Codebook Travel Grants Available! »
» Cooperating Scholars

» Data Files

»FAQs
» Funding Opportunities
» Announcements

» Contact Us

» Reference Guidelines
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Node: inventor; ink: co-authorship; color: organizatioh =+ * *

e —

i gow s

ot ik starked open ocess

ywn arrows at the right of each column tde control whether the sort s ascending or descendng.
1e abstract, dick on the award number of ite. Click on the data in other comns to perform a new search with that parameter.

acch

i found, displaying all awards.

Titl " pogramts) sartoate + " State © Organization Amount to
$ a art :
‘ Organization " iovestigator e e

06/01/2012  Wilnsky, John cA

$381,878.00

" SCIEN F SCIEN( B T o e <
swp  SERMCEGESAENE  ggi01/2010 Wik, dobn A Stanford Universty §71,778.00

options: 2] C5V | X Excel | @ xl

t browsers alow you to save the exported fie by right-cicking on the fnk and choosing *save ink target” from the menu options. See the felp for more information.




Build on key ideas

Extend Conceptual Framework
 Basic unit of analysis is individual scientists/teams

« Core outcome is creation, transmission and adoption of
ideas

- Potential analytical framework is theory of the firm
Extend Empirical Framework

* Leverage existing data and tools, particularly STAR
METRICS and SciENCV

 Build analytical community (e.g. SciSIP)
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And a reminder of why!

Competing Priorities in the Federal Budget...
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"T BUNK Nou SHOWD #c MORE
EXPLIUT HEZE N STEP TWO, "




Thank you!

Comments and questions?

Julia Lane
lane@air.org
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